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(54) ORGANIC EL DEVICE AND METHOD OF MANUFACTURE THEREOF 



(57) An organic EL device has a structure in which 
a first electrode, a light-emitting layer, and a second 



electrode are formed on a substrate in this order there- 
from, and light from the light-emitting layer is emitted 
outside via the second electrode. 
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Description 

Technical Field 

[0001] The present invention relates to the structure 
of an electroluminescent (in this specification, referred 
to as organic EL) device as a display device for use in 
an information terminal apparatus, such as a computer, 
a mobile phone, or a television, and relates to a manu- 
facturing method therefor. 

Background Art 

[0002] Recently, there has been an increasing trend 
toward portability of information terminals, and develop- 
ment of power saving displays, which are necessary for 
the trend toward portability, has been actively per- 
formed. Among displays, organic EL displays in partic- 
ular have drawn attention, and the development therefor 
is at the stage of pursuing practical applications. 
[0003] In order to realize power saving displays, it is 
believed that it is most effective to drive an organic EL 
element by an active element, such as a thin-film tran- 
sistor (TFT). The reason for this is that when an active 
element is used, an organic EL element can be driven 
by a DC voltage and can be driven at a low voltage with- 
out imposing a load thereon in the range of high lumi- 
nous efficiency. In the case of simple matrix driving, 
which uses no active devices, the luminance must be 
increased by applying a high voltage during a selection 
period. Accordingly, a significant load is imposed on the 
organic EL element, and in addition, the luminance ef- 
ficiency is decreased. As a result, the life thereof is nat- 
urally shortened. 

[0004] An active matrix method using a TFT or the like 
is a strong candidate for use in a power saving organic 
EL display; however, it has the shortcoming that the ap- 
erture ratio, which indicates the ratio of the light-emitting 
area to the display area for display, is decreased. When 
the aperture ratio is decreased, luminance in each pixel 
must be improved in order to improve the display lumi- 
nance. In the case described above, a driving voltage is 
increased, power consumption is thereby increased, 
and hence, a problem may arise in that the life is short- 
ened due to the load imposed on the organic EL ele- 
ment. In order to solve the problem described above, as 
shown in Fig. 2, in the structure of an organic EL element 
(device), there is an example in that a transparent cath- 
ode is formed in order to emit light from a side opposite 
to the substrate (IEEE, TRANSACTIONS ON ELEC- 
TRON DEVICES, VOL. 44, NO. 8, PP 1188 - 1203). In 
particular, an anode 5, a hole injection layer 4, a light- 
emitting layer 3, a cathode 2, and a transparent auxiliary 
cathode 21 are sequentially formed on a substrate 1 in 
this order, and light is emitted from the transparent aux- 
iliary cathode 21 side. In the structure described above, 
the light may not be emitted from the TFT substrate side; 
however, the light transmittance of the cathode used in 



the structure described above is approximately one-half 
of that of the substrate, and as a result, a problem may 
arise in that the brightness of the display is actually re- 
duced. 

5 

Disclosure of Invention 

[0005] In consideration of the problems described 
above, the present invention was made, and an object 

10 of the present invention is to provide in particular an ar- 
rangement of elements in which the aperture ratio and 
the light transmittance are not degraded even when a 
switching element is used and is to provide a manufac- 
turing method therefor. In other words, an organic EL 

15 device is provided which consumes low electric power 
and has a long life. In addition, the structure is also pro- 
posed in which a decrease in contrast is prevented, 
which is caused by incident outside light, without de- 
creasing the luminance. 

20 [0006] According to the present invention, an organic 
EL device is provided comprising at least a cathode, a 
light-emitting layer, and an anode formed on a substrate 
in this order. 

[0007] In addition, according to the present invention, 
25 an organic EL device comprises a plurality of pixels pro- 
vided on a substrate, in which each of the plurality of 
pixels is in an area defined by a partition, a first elec- 
trode, a light-emitting layer, and a second electrode are 
formed in the area in this order, and light from the light- 
30 emitting layer is emitted outside from the second elec- 
trode side. 

[0008] In addition, according to the present invention, 
a method for manufacturing an organic EL device is pro- 
vided in which at least a cathode, a light-emitting layer, 
35 and a transparent anode are formed on a substrate in 
this order. 

Brief Description of the Drawings 
40 [0009] 

Fig. .1 is a cross-sectional view showing the struc- 
ture of an organic EL device according to Embodi- 
ment 1 . 

45 Fig. 2 is a cross-sectional view showing the struc- 
ture of an organic EL device in order to compare to 
that according to Embodiment 1 . 
Fig. 3 is a cross-sectional view showing the struc- 
ture of an organic EL device according to Embodi- 

50 ment 3. 

Fig. 4 is a cross-sectional view showing the struc- 
ture of an organic EL device according to Embodi- 
ment 4. 

Fig. 5 is a cross-sectional view showing the struc- 
55 ture of an organic EL device according to Embodi- 
ment 7. 

Fig. 6 is a cross-sectional view showing the struc- 
ture of an organic EL device relating to Embodiment 
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7. 

Fig. 7 is a schematic view showing a plan structure 
of an organic EL device (display device) according 
to Embodiment 8. 

Fig. 8 is a cross-sectional view showing the struc- 5 
ture of an organic EL device according to Embodi- 
ment 9. 

Fig. 9 is a cross-sectional view showing the struc- 
ture of an organic EL device according to Embodi- 
ment 11. 10 

Mode for Carrying Out the Invention 

[001 0] A first characteristic of the present invention is 
that in an organic EL device, at least a cathode, a light- 15 
emitting layer, and an anode are formed on a substrate 
in this order. 

[0011] According to the arrangement described 
above, since light can be emitted to a side opposite to 
the substrate when observed from the light-emitting lay- 20 
er, an opaque material can be used at the substrate side. 
For example, there may be mentioned a semiconductor 
substrate, such as silicon, or a metal substrate. Accord- 
ingly, an integrated circuit is formed on a silicon sub- 
strate, and an organic EL element (device) can be 25 
formed thereon. In addition, a hole transport layer and/ 
or a hole injection layer are preferably formed between 
the light-emitting layer and a transparent anode. 
[0012] As an example of the embodiment, for exam- 
ple, the following modes may be mentioned. 30 

(1 ) In the organic EL device having the first charac- 
teristic arrangement described above, the cathode 
comprises a laminate of at least one type of con- 
ductive material and a metal oxide or fluoride. 35 

According to this arrangement, in the organic 
EL device, the luminous efficiency can be further 
improved. 

(2) In the organic EL device having the first charac- 
teristic arrangement described above, a plurality of 40 
pixels is provided, cathodes corresponding to the 
plurality of pixels are formed on the substrate, pixel 
partitions composed of an insulating material are 
formed between the pixels, and auxiliary anodes 
comprising a conductive material are formed having 45 
patterns equivalent to those of the partitions at lo- 
cations corresponding to the top surfaces of the par- 
titions composed of the insulating material. 

According to this arrangement, the resistance 
of the transparent anode having a relatively high re- so 
sistance can be decreased by using the auxiliary 
anode, and as a result, an organic EL device uni- 
formly emitting light from the entire surface thereof 
can be realized. 

(3) In the organic EL device having the first charac- 55 
teristic arrangement described above, a plurality of 
pixels is provided, cathodes corresponding to indi- 
vidual pixels are formed on the substrate, pixel par- 



titions composed of an insulating material are 
formed between the pixels, and at least the cath- 
ode, the light-emitting layer, the anode, and an aux- 
iliary anode are formed in each pixel in this order. 

According to this arrangement, the auxiliary an- 
ode can be formed in a subsequent step, various 
materials can be used for the auxiliary anode as the 
effect, and advantage can be obtained having par- 
ticular features of the material. A mask deposition 
method, an inkjet method, a printing method, or the 
like may be used for patterning the auxiliary anode. 

(4) In the organic EL device according to the above 

(2) or (3), the auxiliary anode comprises a light-ab- 
sorbing conductive material. 

According to this arrangement, when the dis- 
play is observed from a side to which light is emitted, 
since the light-absorbing auxiliary anodes are seen 
between the pixels, outside light is absorbed, and 
the contrast can be enhanced, whereby the display 
becomes easy to see. 

(5) In the organic EL device according to the above 
(4), the auxiliary anode comprises carbon or chro- 
mium. 

According to this arrangement, outside light is 
more effectively absorbed between the pixels. 

(6) In the organic EL device having the first charac- 
teristic arrangement described above, an active 
matrix structure containing switching elements is 
provided on the substrate, and a laminate structure 
of at least the cathode, the light-emitting layer, and 
the anode are formed so as to overlap at least a part 
of the switching element when viewed from the top 
side. 

According to this arrangement, an area of an 
aperture portion in the pixel can be designed inde- 
pendently from a circuit relating to the switching el- 
ement, and as the effect thereof, the aperture ratio 
can be significantly increased. 

(7) In the organic EL device having the first charac- 
teristic described above, a semiconductor substrate 
having an integrated circuit thereon is used as the 
substrate. 

According to this arrangement, all electronic 
circuits required for the device, such as electronic 
circuits for a portable terminal, controllers, drivers, 
and power circuits used for display driving, can be 
formed on the semiconductor substrate composed 
of the silicon substrate, and in addition, transistors 
and the like for driving the organic EL device can 
also be provided thereon, whereby higher perform- 
ance of the device and cost reduction thereof can 
be simultaneously realized. 

(8) In the organic EL device according to the above 

(3) or (4), after the anodes and/or the auxiliary an- 
odes are formed, a protective substrate having a 
light-absorbing layer formed at positions corre- 
sponding to areas between the pixels is disposed 
so that the pixels and areas of the protective sub- 
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strate corresponding thereto are aligned with each 
other, and the protective substrate is then bonded 
to the pixels with a sealing resin provided therebe- 
tween. 

According to this arrangement, since light-ab- 5 
sorbing portions can be provided between the pix- 
els in addition to the auxiliary anodes, the auxiliary 
anodes and the light-absorbing material can be op- 
timized. 

(9) A method for manufacturing an organic EL de- 10 
vice comprises forming at least a cathode, a light- 
emitting layer, and an anode on a substrate in this 
order. 

According to this method, it is preferable that a 
hole transport layer and/or a hole injection layer be 15 
formed on the light-emitting layer, and the anodes 
can be subsequently formed. 

(10) The method for manufacturing an organic EL 
device according to the above (9) further comprises 
performing a treatment for imparting hydrophilic 20 
properties to the surface of the light-emitting layer. 

According to this method, a water-soluble so- 
lution containing a hole injection material can be 
uniformly coated. As a common method therefor, an 
oxygen plasma irradiation method is used. 25 

(11 ) A method for manufacturing an organic EL de- 
vice comprises the steps of forming at least insulat- 
ing pixel partitions on a substrate, subsequently de- 
positing a light-reflecting cathode material on the 
entire surface and simultaneously forming cath- 30 
odes and auxiliary electrodes by separating the 
cathodes and the auxiliary anodes on the partitions 
using steps thereof, and subsequently forming at 
least a light-emitting layer, and anodes in the areas 
defined by the partitions in this order. 35 

According to this method, patterning for the 
auxiliary anodes is not necessary, and the cost can 
be reduced. 

(12) A method for manufacturing an organic EL de- 
vice comprises the steps of, after the cathodes are 40 
formed on the substrate, coating the entire surface 

of the substrate with an insulating material for pixel 
partitions followed by calcining, forming a film com- 
posed of a material for auxiliary anodes over the en- 
tire surface, subsequently etching the film of the 45 
material for the auxiliary anodes for patterning in a 
photolithographic step, subsequently etching the 
pixel partition layer thereunder for patterning, firing 
the partition layer, and subsequently forming at 
least a light-emitting layer, and an anode in this or- so 
der in each area defined by the partition. 

According to this method, patterning for the pix- 
el partitions and the auxiliary anodes can be simul- 
taneously performed. 

55 

[0013] Hereinafter, particular embodiments of the 
present invention will be described. 



(Embodiment 1) 

[0014] In this embodiment, an example will be de- 
scribed in which at least a cathode, a light-emitting layer, 
a transparent anode, and a hole transport layer and/or 
a hole injection layer are formed on a substrate in this 
order. In Fig. 1 , a cross-sectional view of an organic EL 
device according to this embodiment is shown. 
[0015] First, a cathode 2 was formed on a substrate 
1. Next, a light-emitting layer 3 was formed, and in ad- 
dition, a hole injection layer 4 was formed. Next, an an- 
ode 5 was formed, and in addition, a sealing layer (not 
shown in the figure) was formed. 
[0016] When a voltage was applied between elec- 
trodes of the organic EL device thus formed, light was 
emitted from the sealing layer side. 
[0017] For the substrate 1 used in this embodiment, 
in addition to a glass substrate, a metal, a semiconduc- 
tor, a plastic, or the like may be used, and an opaque 
substrate may also be used. 

[0018] For the cathode 2 used in this embodiment, 
aluminum, magnesium, lithium, or calcium may be used, 
and in addition, the alloy thereof or a laminate formed 
of these metals (in this case, a layer having a smaller 
work function is disposed at the light-emitting layer side) 
may also be used. 

[0019] For the light-emitting layer 3 used in this em- 
bodiment, a polymeric material, or a low molecular 
weight material may be used. For example, there may 
be mentioned PPV, polydioctylfluorene, polyfluorene, 
Alq3, DPVBi, and the like. 

[0020] For the hole injection layer/hole transport layer 
4, in addition to Bytron manufactured by Bayer AG., a 
common material, such as low molecular material TPD, 
MTDATA, or copper phthalocyanine, may also be used. 
[0021] For the anode 5 used in this embodiment, in 
addition to ITO, a Nesa film, IDIXO sold by Idemitsu Ko- 
san Co., Ltd., or the like may also be used. In particular, 
IDIXO is preferably used since satisfactory conductive 
characteristics can be obtained even when the film 
thereof is formed at room temperature. 
[0022] For sealing, a thermosetting epoxy resin was 
used; however, an ultraviolet curable resin may also be 
used. In addition, it is effective to use a protective sub- 
strate together therewith. 

[0023] According to the arrangement of this example, 
since light can be emitted from a side opposite to the 
substrate when observed from the light-emitting layer, 
an opaque material can be used at the substrate side. 
For example, there may be mentioned a semiconductor 
substrate, such as silicon, or a metal substrate. As a re- 
sult, an integrated circuit is formed on a silicon sub- 
strate, and an organic EL element (device) can be 
formed thereon. 

(Embodiment 2) 

[0024] In this embodiment, a particular example will 
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be described in which the cathode is formed of a lami- 
nate composed of at least one type of conductive ma- 
terial and a metal oxide or fluoride. By using the method 
of Embodiment 1 , when patterning was performed in a 
photolithographic step after an aluminum film was 
formed as a cathode, and an oxygen plasma treatment 
was then performed, an oxide layer 20 A thick was 
formed on the surface. By using this substrate provided 
with the cathode, when an organic EL device was 
formed by performing the outstanding steps in Embod- 
iment 1, the luminous efficiency thereof was two times 
(0.2 Im/W) that obtained in Embodiment 1. 
[0025] Instead of the oxygen plasma treatment per- 
formed on the surface of the cathode, when lithium flu- 
oride 20 A thick was deposited, the luminous efficiency 
was 0.5 Im/W. 

[0026] The light-emitting layer 3 used in this embodi- 
ment was composed of a polyfluorene material and was 
formed by spin coating. The hole injection layer 4 was 
formed by spin coating using Bytron manufactured by 
Bayer AG. The anode 5 was formed of IDiXO. Materials 
and conditions for film formation are not limited to those 
described above. 

(Embodiment 3) 

[0027] In this embodiment, an example of the struc- 
ture shown in Fig. 3 will be described in which a plurality 
of cathodes 2 corresponding to a plurality of light-emit- 
ting pixels are formed on a substrate 1, pixel partitions 
6 composed of an insulating material are formed be- 
tween the light-emitting pixels, and auxiliary anodes 7 
composed of a conductive material having approximate- 
ly equivalent patterns to those of the pixel partitions 6 
are formed thereon. 

[0028] A particular example is described below. First, 
after the cathodes 2 were patterned, the pixel partitions 
6 were formed of a polyimide and were patterned, and 
subsequently, a film composed of tantalum 1 ,000 A thick 
was formed and was then patterned so as to form the 
same pattern as that of the pixel partition 6. Next, a film 
composed of lithium fluoride 20 A thick was formed on 
the entire surface, three types of polyfluorene materials 
emitting red, green, and blue light were each dissolved 
in isodurene, and the films thereof as the light-emitting 
layers 3 were formed in red, green, and blue pixels, re- 
spectively, by patterning using an inkjet method. Next, 
films composed of Bytron manufactured by Bayer AG. 
were formed by patterning in the individual pixels using 
an inkjet method as the hole injection layer 4. Next, as 
the anodes 5, a film of IDIXO manufactured by Idemitsu 
Kosan Co., Ltd. was formed by sputtering. In addition, 
sealing was performed by using an epoxy sealing ma- 
terial 8 and a protective substrate 9. To the individual 
pixels of the organic EL device thus formed, when volt- 
ages for red, blue, and green were independently ap- 
plied, a uniform color image could be observed in ac- 
cordance with the applied voltages. 



[0029] In addition, as a reference, when an element 
provided with no auxiliary anode 7 was formed, pixels 
in the vicinity of lead wires for the anodes only emit light. 
[0030] For the cathode, the light-emitting material, the 

5 material for the hole injection material, the anode, the 
auxiliary anode, and the sealing material used in this 
embodiment, the materials used in Embodiment 1 may 
also be used. In addition, as a film formation method, 
an inkjet method, a mask deposition method, a printing 

10 method, or the like may also be used. 

[0031] In a structure similarto that in this embodiment, 
an arrangement can be formed in which an opaque layer 
composed of Pt, Ir, Ni, Pd, Au, a laminate of ITO and Ai, 
or the like is formed as a layer located at the position of 

15 the cathode 2; and a layer having a predetermined thick- 
ness composed of gold, calcium, aluminum, a laminate 
thereof, a layer formed by co-deposition of Mg and sil- 
ver, or the like is formed as a transparent layer at the 
position of the anode 5. In this arrangement, by driving 

20 the layer located at the position of the cathode 2 and the 
layer located at the position of the anode 5 as an anode 
and a cathode, respectively, the light can be emitted 
from the light-emitting layer toward the upper layer via 
the protective substrate. In the case described above, 

25 the auxiliary anode 7 is used as an auxiliary layer for the 
cathode. 

(Embodiment 4) 

30 [0032] In this embodiment, an example will be de- 
scribed in which a plurality of cathodes 2 corresponding 
to a plurality of light-emitting pixels are formed on the 
substrate, pixel partitions composed of an insulating 
material are formed between the light-emitting pixels, 

35 and in each pixel, at least a cathode, a light-emitting lay- 
er, a transparent anode, and an auxiliary anode 7 are 
formed in this order. 

[0033] In Fig. 4, a cross-sectional structure of an or- 
ganic EL device of this embodiment is shown. 

40 [0034] After cathodes 2 were patterned, pixel parti- 
tions 6 were formed of a polyimide and were patterned. 
Next, a film composed of calcium fluoride 20 A thick was 
formed over the entire surface, films of three types of 
low molecular materials emitting red, green, and blue 

45 light were formed in red, green, and blue pixels, respec- 
tively, by patterning using a mask deposition method. 
Next, as a hole injection layer 4, TPD and MTDATA were 
sequentially deposited over the entire surface. Next, as 
anodes 5, IDIXO manufactured by Idemitsu Kosan Co., 

50 Ltd. was sputtered. Subsequently, tantalum 1,000 A 
thick was formed by mask deposition and was then pat- 
terned. In addition, sealing was performed by an epoxy 
sealing material 8 and a protective substrate 9. To the 
individual pixels of the organic EL device thus formed, 

55 when voltages for red, blue, and green were independ- 
ently applied, a uniform color image can be observed in 
accordance with the applied voltages. 
[0035] As a reference example, when an element pro- 
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vided with no auxiliary anode 7 was formed, pixels in the 
vicinity of lead wires for the anodes only emit light. 
[0036] For the cathode, the light-emitting material, the 
hole injection material, the anode, the auxiliary anode, 
and the sealing material used in this embodiment, the 
materials used in Embodiment 1 may also be used. In 
addition, as a film formation method, an inkjet method, 
a printing method, or the like may also be used besides 
a mask deposition method. 

[0037] In addition, as is the case described in Embod- 
iment 3, when a layer at the position of the cathode 2 
and a layer at the position of the anode 5 are formed of 
particular materials having particular thicknesses or the 
like, respectively, the layer at the position of the cathode 
2 and the layer at the position of the anode 5 can also 
be driven as an anode and a cathode, respectively, so 
that the light is emitted from the light-emitting layer to- 
ward the outside via the protective substrate. 

(Embodiment 5) 

[0038] In this embodiment, an example will be de- 
scribed in which the auxiliary anode described above is 
composed of a light-absorbing conductive material. 
[0039] Chromium was used instead of tantalum used 
for the auxiliary anode 7 in Embodiment 3. As a result, 
since the reflectance of chromium was 60%, the reflect- 
ance of outside light was decreased, and hence, im- 
provement in contrast could be observed. 
[0040] As the light-absorbing conductive material, in 
addition to the chromium described above, a polymeric 
conductive material, such as Bytron manufactured by 
Bayer AG., or polyaniline, or carbon may also be used. 

(Embodiment 6) 

[0041] In this embodiment, an example will be de- 
scribed in which the auxiliary anode described above is 
composed of a light-absorbing conductive material, and 
in particular, the auxiliary anode is composed of carbon. 
[0042] Carbon was used instead of tantalum used for 
the auxiliary anode 7 in Embodiment 4. The film forma- 
tion thereof was performed by a mask deposition meth- 
od. As a result, the reflectance of outside light was de- 
creased to nearly zero, and the contrast could be signif- 
icantly increased. 

[0043] As the light-absorbing conductive material, in 
addition to carbon, a polymeric conductive material, 
such as Bytron manufactured by Bayer AG., or poly- 
aniline, or chromium may also be used. 

(Embodiment 7) 

[0044] In this embodiment, an example will be de- 
scribed in which an active matrix structure having 
switching elements is laminated on a substrate, and a 
pixel laminate structure composed of a cathode, a light- 
emitting layer, and an anode, is formed so as to overlap 



at least a part of the active matrix structure, in particular, 
at least a part of the switching element when viewed 
from the top side. In Fig. 5, a cross-sectional structure 
of an organic EL device of this embodiment is shown. 

5 [0045] The structure in the figure is composed of the 
structure shown in Fig. 3 as a base material and a thin- 
film transistor (hereinafter referred to as "TFT") provided 
on the substrate as a switching element. 
[0046] An aperture delimiter 11 is provided in a layer 

10 under a pixel partition, which defines a light-emitting ar- 
ea for the light from the light-emitting layer. In addition, 
as another example, a cross-sectional structure of an 
organic EL device is shown in Fig. 6 in which an anode, 
a cathode, and an anode are sequentially formed on a 

15 substrate in this order, and an area at which a TFT ele- 
ment 10 as a switching element is disposed is located 
under a pixel partition so as to substantially overlap the 
partition when viewed from the top side. 
[0047] As shown in Fig. 5, above the substrate pro- 

20 vided with the TFT element 10, a light-emitting pixel 
structure (a laminate structure composed of a cathode 
2, a light-emitting layer 3, and an anode 5) having an 
arrangement (additionally provided with an aperture de- 
limiter 11) similar to that shown in Fig. 3 was formed. 

25 Similarly to the above, an organic EL device having a 
light-emitting pixel structure, which is shown in Fig. 6, 
was formed. 

[0048] The organic EL device having the structure 
shown in Fig. 5 was driven so that the light was emitted 

30 to the anode 5 side, and the organic EL device having 
the structure shown in Fig. 6 was driven so that the light 
was emitted to the substrate 1 side. Compared to the 
structure (the aperture ratio was 30%) shown in Fig. 6, 
in the structure shown in Fig. 5, by virtue of the pixel 

35 structure provided at a side (substrate side) opposite to 
the side which the light is emitted to, in particular, by 
virtue of the switching element provided so as to overlap 
the light-emitting layer when viewed from the top side, 
the aperture ratio, which could make the light-emitting 

40 layer work, could be improved (the aperture ratio was 
70%). Conventionally, in order to obtain a display lumi- 
nance of 100 Cd/m2, a driving voltage of 6 volts is re- 
quired; however, in this embodiment, 5 volts becomes 
enough to obtain a display luminance of 100 Cd/m2. Ac- 

45 cordingly, the life is increased to 1 0 times that of the con- 
ventional one. 

[0049] According to this embodiment, an area of the 
pixel aperture can be designed independently from the 
switching element, such as a TFT circuit, and hence, the 

so aperture ratio can be significantly improved. 

[0050] In the structure shown in Fig. 5, as is the case 
described in Embodiments, when a layer at the position 
of the cathode 2 and a layer at the position of the anode 
5 are formed of particular materials having particular 

55 thicknesses or the like, respectively, the layer at the po- 
sition of the cathode 2 and the layer at the position of 
the anode 5 can also be driven as an anode and a cath- 
ode, respectively, so that the light is emitted from the 
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light-emitting layer toward the outside via the protective 
substrate. 

[0051] In addition, in the structure shown in Fig. 6, as 
is the case described in Embodiment 3, when a layer at 
the position of the cathode 2 and a layer at the position 
of the anode 5 are formed of particular materials having 
particular thicknesses or the like, respectively, the layer 
at the position of the cathode 2 and the layer at the po- 
sition of the anode 5 can also be driven as an anode 
and a cathode, respectively, so that the light is emitted 
from the light-emitting layer toward the outside via the 
protective substrate. In the case described above, the 
aperture ratio can be improved similar to the structure 
shown in Fig. 5. 

(Embodiment 8) 

[0052] This embodiment is characterized in that a 
semiconductor substrate having an integrated circuit 
formed thereon is used as a substrate to be used. In this 
embodiment, an example will be described in which an 
electronic circuit for a mobile phone, a controller and a 
driver for display driving, and also a transistor for driving 
an organic EL device are formed on a silicon substrate, 
and the organic EL device is formed at a display portion. 
In Fig. 7, a schematic view of the silicon substrate pro- 
vided with the organic EL device of this embodiment 
formed thereon is shown. 

[0053] As shown in the figure, an organic EL device 
display portion 12 is provided on a silicon substrate 18 
in which organic EL elements (a pixel structure) as 
shown in the embodiment described above are dis- 
posed in an XY matrix, an X driver 14 and a Y driver for 
use in a matrix driving of the display portion are provided 
in the vicinity thereof, and in addition, a controller 15, an 
electronic circuit 16, and a power supply circuit 17 are 
provided and are connected to the power supply and 
switches. According to the arrangement described 
above, functions as the mobile phone can be realized 
by forming every circuit on one piece silicon substrate 
and by controlling from the outside using the switches. 
[0054] In this embodiment, the mobile phone is de- 
scribed by way of example, and in addition, this embod- 
iment can also be used for applications which require 
power saving, and reduction in weight. 

(Embodiment 9) 

[0055] In this embodiment, an example will be de- 
scribed in which after the anode or the auxiliary anode 
is formed, a protective substrate having a light-absorb- 
ing layer formed at a position corresponding to each po- 
sition between the pixels is bonded to the pixels with a 
sealing material provided therebetween while the pixels 
on the substrate and areas of the protective substrate 
corresponding to pixels are aligned with each other. In 
Fig. 8, a cross-sectional structure of an organic EL de- 
vice of this embodiment is shown. 



[0056] A sealing material 8 is coated on the substrate 
provided with the anode described in Embodiment 3, 
and a light-absorbing layer 19 is formed so as to corre- 
spond to areas between the pixels. A protective sub- 

5 strate 9 is bonded thereto for fixing while being aligned. 
The organic EL device thus formed performs sufficiently 
uniform display by virtue of the effect of the auxiliary an- 
ode and can efficiently damp the reflection of outside 
light, whereby display can be performed having a supe- 

10 rior contrast. 

(Embodiment 10) 

[0057] In this embodiment, an example will be de- 

15 scribed in which after the light-emitting layer is formed, 
a treatment for imparting hydrophilic properties is per- 
formed to the surface of the light-emitting layer in a 
method for manufacturing an organic EL device having 
at least a cathode, a light-emitting layer, a hole transport 

20 layer and/or a hole injection layer, and a transparent an- 
ode formed on a substrate in this order, and more par- 
ticularly, in a method for manufacturing an element hav- 
ing the structure shown in Fig. 1. 
[0058] In Fig. 1 , when a polyfluorene material is used 

25 for a light-emitting layer 3, film formation of Bytron man- 
ufactured by Bayer AG., which is commonly used for a 
hole injection layer 4, may not be well performed in some 
cases due to the poor wettability thereof. Accordingly, 
after the light-emitting layer 3 was formed, when Bytron 

30 was spin-coated while oxygen plasma irradiation is per- 
formed, a uniform film could be obtained. The organic 
EL device thus formed emits light uniformly over the en- 
tire surface. 

[0059] In this embodiment, as a method for imparting 
35 hydrophilic properties to the surface of the light-emitting 
layer, a UV ozone treatment may also be used. 
[0060] As the material for the hole injection layer in 
this embodiment, a solution having a high polarity, such 
as a solution containing a polyaniline salt, may be men- 
40 tioned. 

(Embodiment 11) 

[0061] In this embodiment, an example will be de- 
45 scribed in which at least insulating pixel partitions are 
formed on a substrate, a film for a reflective cathode is 
then formed over the entire surface and simultaneously 
cathodes and auxiliary anodes on the partition are sep- 
arated from each other by steps thereof, and subse- 
50 quently at least a light-emitting layer and a transparent 
anode are formed in the pixel in this order. In Fig. 9, a 
cross-sectional structure of an organic EL device of this 
embodiment is shown. 

[0062] After a lead wire 20 for the cathode was pat- 
55 terned, and a pixel partition 6 was formed, aluminum 
was deposited as a cathode 2. In the step described 
above, a cathode pattern was formed by the wall of the 
pixel partition 6, and a pattern of an auxiliary anode 7 
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2. An organic EL device according to Claim 1 , wherein 
the cathode comprises a laminate of at least one 
type of conductive material and a metal oxide or flu- 
oride. 

5 

3. An organic EL device according to Claim 1 , further 
comprising a plurality of pixels, wherein the cathode 
corresponding to each of the plurality of pixels is 
formed on the substrate, a pixel partition comprising 

10 an insulating material is formed between the pixels, 
and an auxiliary anode comprising a conductive 
material and having a pattern equivalent to that of 
the partition is formed at a position corresponding 
to the top surface of the partition comprising the in- 

15 sulating material. 

4. An organic EL device according to Claim 1 , further 
comprising a plurality of pixels, wherein the cathode 
corresponding to each pixel is formed on the sub- 

20 strate, a pixel partition comprising an insulating ma- 
terial is formed between the pixels, and at least the 
cathode, the light-emitting layer, the anode, and an 
auxiliary anode are formed in the pixel in this order. 



was simultaneously formed. 

[0063] When an angle of the wall of the pixel partition 
6 is determined so as to incline toward the outside, pat- 
terning can be reliably performed; however, since wire 
breakage may occur until an anode 5 is subsequently 
formed, the optimization is required. 

(Embodiment 12) 

[0064] In this embodiment, an example will be de- 
scribed in which after cathodes are formed on a sub- 
strate, and an insulating material for pixel partitions is 
then coated on the entire surface and is calcined, a film 
composed of a material for an auxiliary anode is formed 
over the entire surface, the auxiliary anode layer is first 
etched for patterning in a photolithographic step, the pix- 
el partition layer thereunder is then etched for pattern- 
ing, the pixel partition layer is fired, and subsequently, 
at least a light-emitting layer and a transparent anode 
are formed in the pixel in this order. In particular, an el- 
ement having the structure shown in Fig. 3 is formed. 
[0065] First, a cathode 2 having a pattern was formed 
on a substrate 1 . Next, a polyimide solution as a material 
for an insulating pixel partition 6 was coated over the 
entire surface of the substrate and was then calcined. 
Subsequently, tantalum having a film thickness of 1000 
A, which was to be used as an auxiliary anode 7, was 
formed by sputtering. Next, a resist was coated thereon 
and was then exposed. After development, the tantalum 
was etched. Subsequently, the polyimide was etched. 
Next, the resist was stripped away, and the polyimide 
was fired, whereby a structure having the pixel partitions 
6 and the auxiliary anodes 7 was completed. 
[0066] As the material for the pixel partition or the ma- 
terial for the auxiliary electrode, a material which can be 
patterned by a photographic step may also be used. 
[0067] As has thus been described in detail, accord- 
ing to the present invention, when the structure is 
formed in which the cathode, the light-emitting layer, and 
the anode are formed in this order on the substrate of 
the organic EL device, an element arrangement can be 
provided in which the aperture ratio and the light trans- 
mittance are not decreased even when active elements 
are used, and in addition, a manufacturing method 
therefor can be provided. Accordingly, an organic EL de- 
vice can be provided which consumes low electric pow- 
er and also has a long life. In addition, at the same time, 
an organic EL device can be realized having a structure 
which prevents a decrease in contrast due to incident 
outside light without decreasing the luminance. 



Claims 

1 . An organic EL device comprising at least a cathode, 
a light-emitting layer, and an anode formed on a 
substrate in this order. 



25 5. An organic EL device according to Claim 3 or 4, 
wherein the auxiliary anode comprises a light-ab- 
sorbing conductive material. 

6. An organic EL device according to Claim 5, wherein 
30 the auxiliary anode comprises carbon or chromium. 

7. An organic EL device according to Claim 1 , further 
comprising an active matrix structure, which con- 
tains a switching element, provided on the sub- 

35 strate, wherein a laminate structure of the cathode, 
the light-emitting layer, and the anode is formed so 
as to overlap at least a part of the switching element 
when viewed from the top side. 

40 8. An organic EL device according to Claim 1 , wherein 
the substrate is a semiconductor substrate having 
an integrated circuit formed thereon. 

9. An organic EL device according to Claim 3 or 4, 
45 wherein, after the anode and/or the auxiliary anode 
are formed, a protective substrate having a light-ab- 
sorbing layer formed at a position corresponding to 
a position between the pixels is disposed so that the 
pixel and an area of the protective substrate corre- 
50 sponding to the pixel are aligned with each other, 
and the protective substrate is subsequently bond- 
ed thereto with a sealing resin provided therebe- 
tween. 

55 10. A method for manufacturing an organic EL device 
comprising forming at least a cathode, a light-emit- 
ting layer, and an anode on a substrate in this order. 
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11. A method for manufacturing an organic EL device, 
according to Claim 10, further comprising, after the 
light-emitting layer is formed, performing a treat- 
ment for imparting hydrophilic properties to the sur- 
face of the light-emitting layer. 5 

12. A method for manufacturing an organic EL device 
comprising: forming at least an insulating pixel par- 
tition on a substrate; subsequently depositing a re- 
flective cathode material on the entire surface and 10 
simultaneously forming a cathode and an auxiliary 
electrode by separating the cathode and the auxil- 
iary anode on the partition from each other by a step 
thereof; and subsequently forming at least a light- 
emitting layer and an anode in this order in an area 15 
defined by the partition. 

13. A method for manufacturing an organic EL device 
comprising, after the cathode is formed on a sub- 
strate: coating the entire surface of the substrate 20 
with an insulating material for a pixel partition and 
calcining the material; forming a film comprising a 
material for an auxiliary anode over the entire sur- 
face; subsequently etching the film comprising the 
material for the auxiliary anode for patterning in a 25 
photolithographic step; subsequently etching the 
layer thereunder comprising the material for the pix- 
el partition for patterning; firing the partition layer; 
and subsequently forming at least a light-emitting 
layer and an anode in this order in an area defined 30 
by the partition. 

14. An organic EL device comprising: a plurality of pix- 
els on a substrate, wherein each of the plurality of 
pixels is in an area defined by a partition; a first elec- 35 
trode, a light-emitting layer, and a second electrode 
are formed in the area in this order from the sub- 
strate side; and light from the light-emitting layer is 
emitted outside from the second electrode side. 

40 

15. An organic EL device according to Claim 14, further 
comprising a switching element provided in each of 
the plurality of pixels. 

1 6. An organic EL device according to Claim 1 4, where- 45 
in at least a part of the active element is provided 

so as to overlap the partition when viewed from the 
top side. 
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[FIG. 3 J 
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[FIG. 7] 
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[FIG. 9} 
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